OBJECTIVE: To describe long-term and recent time trends in the prevalence of obesity by age and educational level. (1993 -1997). MEASUREMENTS: Body mass index, ie weight divided by height squared. RESULTS: Between 1976 and 1997 the prevalence of obesity increased from 4.9 to 8.5% among men and from 6.2 to 9.3% among women aged 37 -43 y. Between 1993 and 1997, the prevalence of obesity among men aged 20 -59 y was 8.5% and increased by 0.54 percentage points per year (P < 0.01). The prevalence of obesity among women was 9.6% and increased by 0.35 percentage points per year (P ¼ 0.07). The increase in the prevalence of obesity in the period 1993 -1997 was strongest in men with a relatively low educational level and in women with a high educational level. CONCLUSIONS: There has been a steady increase in the prevalence of obesity in the last quarter of the 20th century. Also, a recent increase in the prevalence of obesity has been seen. To stop the increase in the prevalence of obesity, effective strategies for the management and prevention of obesity need to be developed.
Introduction
Obesity is an important contributor to several chronic diseases and disabilities. 1, 2 Obesity-related costs have been estimated at about 7% of the total health care expenditure in the US and at 1 -5% in Europe. 3, 4 These cost estimations would be approximately 25% lower if the relationship between obesity and mortality had been taken into account. 5 Obesity-related cost calculations are usually based on fractions of chronic diseases such as type 2 diabetes mellitus and cardiovascular diseases and disabilities that are attributable to obesity. 6 These 'population attributable fractions' estimations depend on relative risks of obesity for different diseases and disabilities and also on the prevalence of obesity. 2 Therefore it is important to study time trends in the prevalence of obesity.
Time trend data on obesity prevalence rates are also needed to identify specific categories in which the prevalence is exceptionally high or in which strong increases in the prevalence of obesity are observed. Weight gain prevention programs could aim at these high-risk categories. 1, 7, 8 In Western societies obesity is most common among those with relatively low education. 9 In order to study increases in the level of body mass index (BMI) across educational levels, Molarius et al analysed data from 42 000 men and women measured in the period 1979 -1989, and from 35 000 men and women measured in the period 1989 -1996. Data were used from 26 centres participating in the WHO MONICA Project. They reported that the difference in BMI levels between high and low educational categories generally increased, because BMI levels increased more in low than in high educational categories.
In The Netherlands the long-term time trend of overweight and obesity between 1976 and 1997 was assessed among men and women aged 37 -43 y in repeated crosssectional population-based samples. Recent time trends in the prevalence of obesity in the period 1993 -1997 were assessed in sex, age-and educational categories, among subjects aged 20 -59 y.
Methods

Subjects
Long-term trend. We studied long-term time trends in the prevalence of overweight and obesity using original data from three monitoring projects on risk factors for chronic diseases from the National Institute of Public Health and the Environment, Bilthoven, The Netherlands. To allow comparisons of prevalence rates between different time periods, original data were used from subjects aged 37 -43 who participated in one of the three monitoring studies. The Consultation Bureau Heart Project was carried out in the period 1976 -1980. 11 The Monitoring Project on Cardiovascular Diseases was carried out in 1987 -1991. 12 The subsequent Monitoring project on risk factors for chronic diseases (MORGEN-) project was carried out in 1993 -1997. All three monitoring projects were carried out in the same three municipal health centres in the towns of Amsterdam, Doetinchem and Maastricht. Data on the Consultation Bureau Heart Project and the Monitoring Project on Cardiovascular Diseases have been reported earlier by Blokstra and Kromhout 11 and Seidell et al. 12 Data on the period 1981 -1986, also described by Blokstra and Kromhout, 11 were not used for the present study, because data were only available for men aged younger than 37 y. Response rates in different towns and years of the Consultation Bureau Heart Project varied between 70 and 80%. Response rate of the Monitoring Project on Cardiovascular Diseases was 50% in men and 57% in women. Response rate of MORGEN project varied between 40 and 51% between 1993 and 1997. Data on 13 779 men and 15 362 women were used for the long-term time trend analyses.
Recent trends. We studied recent time trends in the prevalence of overweight and obesity using data of the MORGEN project on men and women aged 20 -59 y who visited the municipal health centres between 1993 and 1997. We excluded 142 women who were pregnant. Data on educational level was missing in 164 subjects and 55 subjects had missing data regarding smoking status. Data on body weight and height were available from 9981 men and 11 945 women.
Measures. Body weight and height were measured with participants wearing light indoor clothing and no shoes with emptied pockets, by trained staff. 13 Body weight was measured to the nearest 100 g on calibrated scales. To adjust for the weight of clothing, 1 kg was subtracted from the body weight. BMI was calculated as weight divided by height squared in kg=m 2 . Overweight was defined as BMI 25 -29.9 kg=m 2 , and obesity was considered as BMI 30 kg=m 2 . For the period 1993 -1997 the level of education was measured as the highest level reached and then categorised in five groups: primary school, junior (vocational) education, secondary (vocational) education, vocational colleges and university. Subjects were classified as never, ex-or current smokers.
Statistical analyses.
Mean values and prevalence rates regarding the age-range 20 -59 y were standardised to the 5 y age-distribution in The Netherlands in the year 1995. 14 Linear trends per year and P-values for trend were calculated by general linear models (proc glm, SAS version 6.12), with and without adjustment for 5 y age-categories, educational level and town. Time trends in The Netherlands TLS Visscher et al
Results
Long-term trend
During the period 1976 -1997, mean BMI and the prevalence of overweight were higher among men than among women aged 37 -43 y. The prevalence of obesity was slightly higher among women (Table 1) . Between 1976 and 1997, mean BMI and the prevalence of obesity increased steadily from 4.9 to 8.5% in men and from 6.2 to 9.3% in women aged 37 -43 y ( Table 1 ). The prevalence of overweight did not increase clearly between 1976 and 1997. Body height increased about 3 -4 cm and weight by about 5 kg in men and over 3 kg in women (Table 1) . High percentiles of the BMI distribution increased more strongly than the lower percentiles during the long-term between 1976 and 1997 among men and women aged 37 -43 y ( Figure 1 ).
Recent trend
During the period 1993 -1997, mean height, weight and BMI and the prevalence of overweight were higher among men than among women aged 20 -59 y. Obesity was more common among women than among men ( Table 2 ). The increase in the prevalence of obesity was strongest in men between 1993 and 1997 ( Table 2 ). The prevalence of overweight decreased among men and increased among women aged between 20 -59 y, although these trends were not statistically significant. Increases in BMI levels and the prevalence of obesity were strongest if adjustment for educational level was made ( Table 2 ). The prevalence of obesity increased with age (Table 3) . A slight increase in the prevalence of obesity between 1993 and 1997 was seen in most age-categories. The increase in the Time trends in The Netherlands TLS Visscher et al prevalence of obesity was particularly strong in men aged 50 -59 and also relatively strong in women aged 30 -39 (Table 3) . The prevalence of obesity was more than three times higher among men with a relatively low educational level compared to men with a high educational level. Among women the prevalence of obesity was more than five times higher among those with low education than among women with high education (Table 4) . A significant increase in the prevalence of obesity was observed in men with a relatively low educational level and women with a high educational level (Table 4) .
Obesity was more prevalent among never smokers than among current smokers ( Table 5 ). The increase in the prevalence of obesity was observed in all smoking-categories and was largest among never smokers (Table 5 ).
Discussion
The prevalence of obesity increased during the last quarter of the previous century in The Netherlands. Between 1976 and 1997, the prevalence of obesity increased from 4.9 to 8.5% among men and from 6.2 to 9.3% among women aged 37 -43 y. During 1993 -1997 the prevalence of obesity continued to increase in The Netherlands. Between 1993 and 1997, the prevalence of obesity was 8.5% and increased by 0.54 percentage points per year among men aged 20 -59 y. The prevalence of obesity among women aged 20 -59 y was 9.6% and increased by 0.35 percentage points per year during the period 1993 -1997. An increase in the prevalence of obesity was found in nearly all age categories, and was exceptionally strong in men aged 50 -59 y. The increase in the prevalence of obesity was largest in men with a relatively low educational level and women with a high educational level. An increase in the prevalence of obesity was noted within all smoking categories and was largest among never smokers.
Relatively few countries have monitoring systems that allow the analyses of long-term time trends based on measured body weight and height obtained from representative samples. 13, 15, 16 These studies also show strong increases in the prevalence of obesity. During the last quarter of the previous century, the prevalence of obesity in The Netherlands has been lower than the prevalence of obesity in the United States, England and Germany (Table 6) . 11, 12 Data from the National Health and Nutrition Examination Survey (NHANES) I and NHANES III 15 showed a strong increase in the prevalence of obesity in the United States between 1971 and 1994 (Table 6 ). In the UK an even more rapid increase in the prevalence of obesity between 1980 and 1997 has been reported, although the prevalence of obesity seems still lower in the UK than in the USA (Table 6 ). 13 German data was available from the German National Health Interview and Examination Survey 1998. The prevalence of obesity was higher in 1998 than in a survey from 1990 to 1992 in men and women aged 25 -69 y (Table 6 ). 16 The WHO MONICA Project reported time trend data taken 10 An increase was seen in the prevalence of obesity in most centres. 17 Although the WHO-MONICA study does not yield national prevalences and time trends, it can be tentatively concluded that prevalences of obesity vary widely, especially in women, with the highest prevalences in women in Eastern and Central Europe and in the Mediterranean region. The recent prevalence of obesity in The Netherlands seems to be comparable to those in Scandinavian countries and France. 10, 18 In the present study, the percentiles above the median level of the BMI distribution increased clearly from 1976 to 1997, while the increase in the lower percentiles was less pronounced. Consequently, the increase in the prevalence of obesity (BMI 30 kg=m 2 ) was stronger than the increase in overweight (BMI 25 -29.9 kg=m 2 ) between 1976 and 1997. The observation that the skewness of the BMI-distribution shifted to the left has been reported earlier by Thomsen et al, who studied the increase of BMI levels among children, aged 7 -13 y from Copenhagen, Denmark. 19 Because the lower percentiles of the BMI distribution also increased, although slightly, Thomsen et al concluded that some environmental changes are influencing the entire population, but others mainly a subgroup in the population which is especially susceptible for obesity. We deduce from the steeper increase of high percentiles that subjects who already gained weight, for instance those who are overweight, are at high risk to gain even more weight. Therefore, prevention of weight gain is important in all people but especially in those already overweight.
The prevalence of obesity increased in nearly all agecategories between 20 and 59 y, although not statistically significant in most age-categories, and was exceptionally high in men aged 50 -59 y. We expect that the obesity prevalence will increase probably more strongly in the coming decades, because an increase in BMI levels among Dutch boys and girls aged 0 -21 y has been reported during the last two decades that was stronger than that in the adults in the present study. 20 Particular attention is warranted for the increase in BMI levels at already young age. Many obese children are likely to become obese adults. 21 Moreover, duration of obesity is among the determinants of health consequences of obesity. 22 Between 1993 and 1997 the increase in obesity was strongest among men with a relatively low educational level and women with a high educational level. The prevalence of obesity decreased among men with a high educational level and among women with a low educational level, although not statistically significant. In Western societies, an increase in the prevalence of obesity among those with a high educational level has also been reported by Mokdad et al based on self-reported data from the USA. They reported that men and women with relatively high educational level showed a larger increase in the prevalence of obesity between 1991 and 1998 than those with a lower educational level, although the prevalence of obesity remained inversely associated with educational level. 17 Studies that are less recent than Mokdad's study concluded that the increase in the prevalence of obesity has been generally strongest in individuals with low educational level or low socio-economic status. Concurrently, the difference in the prevalence of obesity increased between subjects with low and high socio-economic status. 10, 23 Also in The Netherlands, the prevalence of obesity is still highest among lowly educated men and women. If the increase in the prevalence of obesity among highly educated individuals is confirmed in other studies, these subjects will also become a target for intervention programmes.
Across smoking categories the prevalence of obesity increased most strongly among never smokers. We presented data for all smoking categories separately, as changing smoking behaviour could affect BMI levels since smoking cessation is associated with weight gain. 24 Among smokers, body Time trends in The Netherlands TLS Visscher et al weight depends on the amount of cigarettes smoked and the time since quitting smoking. 24 It could be questioned how much quitting smoking is contributing to the increase in the prevalence of overweight and obesity. Williamson et al reported from the first National Health and Nutrition Examination Survey (NHANES I) that quitting smoking was associated with more than 13 kg increase in about 10% of persons who quit smoking and were followed between 1971 and 1984. However, the average person who quits smoking will gain 2 -4 kg. At the end of their study the mean body weight of persons who quit smoking had increased to average body weight as persons who never smoked. 25 Flegal et al quantified the part of the noted increase in the prevalence of overweight that could be due to quitting smoking. In their study weight increased also largely in persons who quit smoking during the last 10 y, but this group was too small to contribute to the increase in the prevalence of overweight. About a quarter (2.3 of the 9.6 percentage points) in men and about a sixth (1.3 of the 9.6 percentage points) increase in the prevalence of overweight was due to quitting smoking. 26 Boyle et al concluded earlier that the increase in obesity in Australia could not be explained by decreasing rates of cigarette smokers, since they found similar increases in obesity among never smokers, ex-smokers and current smokers. 27 Among the advantages of our monitoring projects are the anthropometric data collection by trained staff and the timespan that was covered. Self-reports on body weight would have lead to underestimation, especially among those who are obese. 28, 29 As data were collected throughout the year, seasonal variation in body weight could not affect the prevalence estimations. 30 One of the disadvantages is that the three towns in which measurements were performed may not be nationally representative. Another disadvantage of the present study is the decreasing response rate over time. Highly educated men and women were over-represented in the MORGEN project in 1993 -1997. The higher educational level of the examined samples in most recent years may explain why increases in the prevalence of obesity became stronger after adjustment for educational level. The somewhat selective participation did not seem to affect the adjusted time-trend estimations, as the Central Bureau for Statistics, with a much higher response rate but based on self-reported body weight and height, estimated a similar time trend in the prevalence of obesity between 1993 and 1997 as the present study. 31 The increase in the prevalence of obesity reported in Western societies has also been seen in recent years in The Netherlands. The strongest increase in the prevalence of obesity was noticed in men with a relatively low educational level and in women with a high educational level. The increasing prevalence of obesity is a threat for the public health as it is related to several chronic morbidities and disabilities. 2 In order to stop this burden of disease and disability, implementation of new weight gain prevention programmes is urgently needed.
